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nv We, NORRBOTTENS pLRN- 
VERK A.B., a Swedish Body Corporate or 
c,_9<l 00 Lulei, Sweden, do hereby declax- 
fhe Lvenuon, fcTwhicfa we pray ttaapm 
mav be granted to us, and the metnoc. by *wc» 
°Ts to^e performed, to be particularly oe- 
sc-Vd in and bv the foUowing statement:- 
Th- invention 'relates to a methoc of msnu- 
facturine a hardened steei article, P 2 ™^ 1 ^ 
one with smaii wall thickness anc gooc ai- 
mensional ir-eness. „•,■„. 

For producing hardened ana possibn zt~. 
„.„H r'-n *-»iis, for example o: tmn int.- 
metal, Weferabiy' oeiow 3 mm, 
dteensienal truer.css, heretofore tne 0 ca.l ai.e. 
Savre been fcnr.ee in a conventional mar.ne. 

Jken out of the forming apparatus ; posi- 
iioned in a holder to prevent suosequeai _djs 
S, and thereafter hardened and, possiDiy 
empered. This procedure is complicated .and 
involves high requirements on the harden- 
abibrv of the steel usea. -,, t hod 
The present invention provides a metned 
of manufacturing a hardened steel aradc, m 
which a blank of hardenable sted is d 
to hardening temperature and the'ea'ter place- 
i„ a forming apparatus in which we Wank " 
formed to the desired hnal shape oy be ng 
subjected to substantial deformation and s.mul- 
ous rapid cooling, such that a mawnsit.c 
S/or bainuic structure is obta.neo wh 
Z blank remains in the forming *?P»»~ S ' 
wruch serves as a gauge for preventing aistor- 
lion of the bUnk. . . 

Preferably a -blank of uniform 
used, and nreferabiy tne thickness of tne 
formed article at any point differs from ine 
thickness of the blank by no more tnan 
of the thickness of the blank. 

The steel utilized as starring material :s pre 



ferably z boron-ailoved carbon steel or caroon 
manganese steel. In order to obtain tne aesired 
combination of hardness and toughness wnscr. 
T.av render the tempering step unnecessary, 
a steel mav be used wnich contains, by wc.g.n.. . 
iess"'han 0.4 V. carbon, silicon ir. an amour.: 
depending on the steel production method but 
in eeaeral beine insignificant. 0.5 :o t.0y c man- 
oan-se a: maximum 0.05-.; onosphoms ane 
at maximum 0.05 sulphur, 0.1 to 0.5% chrom- 
ium and/or 0.05 to 0.5 e / r molybdenum, up to 

0 1% titanium, 0.0005 to 0.01 % boron, up re 
a totai of 0.1% aiuminium and possibiy _in- 
signihcant low contents of -copper and mckci. 
possibl--' in contents o! up to 0.2V. each. 

pjjjjrabiv tJk steel contains less "an or 
eauaf'to 0.2<V : ^preferably 0.15 to 0.25% ■ 
carbon, silicon in an amount depending on tne 
steel oroauction method but in general bang 
insignificant, 0:5 to 1.5 7. /.preferably 0.7 to 

1 manganese, at maximum O.QsV- pnos- 
pho'rus and at maximum 0.04% sulphur, 0.1 to 
0.3% chromium and/or 0.05 to 0.5% molyb- 
denum, 0.02 to 0.1% (preferably 0.02 to 
0 titanium. 0.0005 to 0.00/% (prefer- 
ablv 0.0005 to 0.005 %) boron, 0.03 to 0.1 /, 
(preferably 0.03 to 0.07%) aluminium, and 
possiblv low insignificant contents ot copper 
and nickel, possibly in contents of up to 0- ■■ . 

The steel is heated to hardening tempera- 
ture' i.e. to a temperature above Ac, where tne 
steel will be in austenitic state. The stee. pre- 
ferablv is heated to a temperature Between 
775' C. and 1000° C. ' 

T he forming operation is preferably a prc--- 
ing" operauon, but the method can also use 
other forming techniques, such as orop :org- 
ing, extrusion and explosive forming. 

In the preferred pressing operation the blank 
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is formed between two tools or against one 
tool by means of some pressure medium. It is 
desirable to apply a quick-operating press so 
designed thai the position and speed of the 
5 tool(s) can be controlled during the entire 
process. It is, thus, desired that forming takes 
place in less than five seconds, preferably 
less than three seconds, so that forming is 
completed before the desired hardening strue- 

10 ture is attained. m 

The forming and cooling operation is ideally 
to be carried out so rapidly that a fine-grain 
martensitic and/or bainitic structure is ob- 
tained. The necessary rapidity depends on the 

15 analysis of the steel, i.e. on its Continuous 
Cooling Transformation graph (CCT-graph). 
The rapid cooling preferably continues after 
deformation has been completed, with the 
pressed blank remaining in the forming de- 

20 vice. Cooling of the pressed article may be 
eiiected indirectly by cooling parts of the 
forming device and/or directly by bringing 
the pressed blank into direct contact with 
some cooling medium. The tool or tools serves 

25 or serve as a gauge during the cooling opera- 
tion, so thai the final product obtained has 
good dimensional truencss. 

By using the prcierred steel it is possible 
to manufacture thin bearing^ sheer or shelj 

30 structures with high strength, ihc combination 
of high strength and good tenacity permits 
the manufacture aisc of energy absorbing (i.e. 
shock absorbing) details. Hardened (untem- 
^rtd) sheer structures are intended especially 

25 for use in transport vehicles for parrs wnicr. 
zzr. be expected to have to take up shock? 
curing collisions, primarily the bumpers, cut 
also other bodv details. I: may genera iiy oe 
said that vchicie parts which are exposed cr 

AO for wnich there ii a risk o: becoming exposed 
to heavy shocks advantageously should 5= 
manufactured according to the invention oy 
utilizing the preferred sieti specified above. 
It is~a great advantage that the s:eei can be 

AS used in hardened state without subsequent 
tempering, because it reduces the heat treat- 
ment by one step and eliminates a source or 
dimensional inaccuracy. The resulting articles, 
moreover, arc harder. 



For achieving a full effect of the low boron 50 
content of 0.0005 to 0.01% the boron addition 
to the steel is to be made after the contents of 
titanium and aluminium indicated above have 
been added, so that oxygen and nitrogen art 
already bound when boron is being added, 5$ 
Boron steel is a weidable structural steel, which 
is given extremely high strength in combina- 
tion with good toughness by a simple heat 
treatment. A yield point , of greater than 120 
kp/mm 2 , with an elongation of about 10% 60 
at fracture, is not unusual. The relatively high 
hardness in combination with a good elonga- 
tion after hardening provides the boron steel 
with very good shock-absorbing properties. 
With respect to its base analysis, the boron 65 
steel is a . carbon manganese steel, which by 
a special metallurgical treatment and by alloy- 
ing with boron has been given very good 
hardening properties. Owing to the boron addi- 
tion, the steel after its hardening by water or 79 
oil quenching exhibits a fine-grain structure 
consisting of low -temperature bamite and tem- 
pered high -temperature manensite. It is by 
this strucrure that the boron steel shows its 
combination of hardness and toughness, in con- 75 
trast to a steel not alloyed with boron, which 
arrer hardening exhibits a brittle hardening 
structure. 

A boron-alloyed sieci has. in addition tc the 
aforesaid improvements :r. its mechanical pro- jr ; 
p trues, a much better penetrauon hardening 
capacity than a tzzzl with the same sasc 
analysis without a borer, edditier:. 

t* c p "^rope^tic 1 sr* C ^ " 

good shock-ab sorbins properties are Detainee c : 
arter the naraemng. A su:tanic hardening >crr- 
peraoire.. between" 7?5 e C. and I00C 1 ~C. i\ 
900 c C. ror wail thicknesses beiow r J mrr. 
quenching ir. oil 0: sai: water rccommen dec 

EXAMPLE, 
i abie 1 shows the rest: hi by wsy of strength 
values and hardnesses :or sii different steel 
analyses formed into hardened articles accord- 
ing to the invention having various wali thick- 
nesses. The following values may conclusively 0^ 
be stated as guide values for the mechanics: 
properties: 
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Hot rolled ot cold rolled and annealed state: 
% lcp/mm s $B kP'' 1 ™ 11 ' 5 5 % 

36-42 50-60 23-55 

(5 S « yield stress, 2>B ~ ultimate tensile strength, <5 5 * elongation at fracture). 

S Hardened state- The following guide values are obtained, depending somewhat on 
dimension and hardening medium: 

Sg kp/mm : .. o£j kp/nW 05 % Hardness Toughness 

HRC KCU 0°C kp.'cnr 

120-150 150-170 8-12 45-50 5-10 

10 (HRC = Rockwell 'C hardness) 

(KCU = impact energy, tested m accordance with IbO'KbJJ. 

With respect to their wettability, the boron- Table, therefore, can easily be welded as noraal 

alloyed steels arc to be judged after their base high-strength structural steels. .... nn 

analysts, thus their carbon and manganese con- When the boron steel is to be weldea prior 20 

H tents because the structure arrained in the to the forming and naraening, me properoe- 

heat-afiected zone is not sensitive to hydrogen of the base material after hamerung can b= 

eabrnfcmeni The boron steels listed in ,the attuned also in the welding joint by using 

Ciao socriai eiectrodes adapted to the ooron steeis. 
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WHAT XTC CLAIM IS: — 

1. A method of manufacturing a hardened 
steel article, in which a blank of hardenable 
steel is heaied to hardening tempcrarure and 

5 thereafter placed in a forming apparatus in 
which the blank is formed to the desired final 
shape by being subjected to substantial de- 
formation and simultaneous rapid cooling, such 
that a martcnsiiic and/or bainitic structure is 
10 obtained while the blank remains in the form- 
ing apparatus, which serve;; as a gauge for 
preventing distortion of the blank. 

2. A method as claimed in claim 1, in which 
the blank is heated to a temperature above 

IS AC,. 

3. A method as claimed in claim 2, m which 
the sajd temperature is berween 775° C. and 
1000° C 

4. A method as claimed in any of claims 1 to 
20 3, in which deformation and cooling arc earned 

out so rapidly that a fine-grain martensitic 
and/or baimuc structure is obtained. 

5. A metnod as claimed in any of tne pre- 
ceding claim:, in which forming is earned on: 

25 between two tools, which are pressed together 
raoidly. 

6. A method as claimed in any o: claims i 
to 4, :n which forming is carried out against 
one tool by means of a pressure medium. 

20 T . A method as claimed ;r. any c: the pre- 
ceding claims, in which ins rapid cooiing con- 
tinues" arte: defcrma::or. has been completed. 
:he Diank remaining :n the icrming apparatus, 
s. A method as claimed :n any c-t the nre- 
2: ceding ciaims. in which cooling is enectea 
coding pans of the rc— :ng apparatus. 

9. A method as claimed in any of me pr= 
ceding claims, ir. which cooiing is enectec bv 



contacting the blank directly with a coolant. 

10. A method as claimed in any of the pre 40 
ceding claims, in which the blank is of uniform 
thickness. 

11. A method as claimed in claim 10, in 
which the thickness of the formed article at 

any point differs from the thickness of the 45 
blank by at most 25% of the thickness of the 
blank. 

12. A method as claimed in any of the pre- 
ceding claims, in which the hardenable steel 
contains, by weight, less than 0.4% carbon, 50 
0.5 to 2.0% manganese, at maximum 0.05% 
phosphorus and at maximum 0.05% sulphur, 

0.1 to 0.5 % chromium and/or 0.05 to 0.5V, 
molybdenum, up to 0.1% titanium, 0.0005 to 
0.1% boron, and up to 0.1% aluminium, the 55 
balance being iron and impurities including 
silicon. 

13. A method as claimed in claim 12, in 
which the steel contains, by weight less than 

or equal to 0.25% (preferably 0.15 to 0.25%) 60 
carbon, 0.5 to 1.5% (preferably 0.7 to 1.5 V,; 
manganese, at maximum 0.03% phosphorus 
and a: maximum 0,04% sulphur, 0.1 to 0.3% 
chromium and/cr 0.05 to 0.5% molybdenum. 
0.02 re 0.1% (sreferably 0.02 to 0 05%. 65 
titanium, 0.0005 to 0.007% (preferably 0.0005 
tc 0.003%; boron, and 0.03 to 0.1' v prc- 
ferabiv 0.03 to 0.07%, ■ aluminium. 

14. "A method of manufacturing a r.araenec 
steel article substantially as described herein ~? 
witn reference tc the Hxampis. 

15. A hardened sreei anicie manufactured bv 
c method sccordins :o any c: me precec:r.c 



:iauns. 



MARKS & CLHRK. 



*-mted -'or Her Majesty's Stationery OSce by the Courier Press. Leainiagtos Spa. 1977. 
Kiblisneci bv the Patent Office, 25 Southampton Bulldogs. London, WC2A Ut, from 

wnich copies may be obtained. 



